ABSTRACT -This paper presents a single stage isolated converter topology to achieve a regulated dc output voltage having no low frequency components and a high input power factor. The topology is derived from the basic 2 switch forward converter, but incorporates an additional transformer winding, an inductor, and a few diodes. The proposed circuit inherently forces the input current to be discontinuous and ac modulated to achieve high input power factor. The converter's output is operated, in discontinuous mode to minimize the bulk capacitor voltage variations when the output load is varied. Analysis of the converter is presented and performance characteristics are given. Further, design guidelines to select critical components of the circuit is presented. Finally, experimental results on a 160W, universal input, 54Vdc output converter are given which confirm the high efficiency and high power factor features of the proposed topology.
I. INTRODUCTION
Power factor correction circuits are becoming mandatory on single phase power supplies as more stringent requirements are converter but incorporates an additional transformer winding, an inductor (L,) and three additional diodes D, to D3. The proposed circuit when correctly designed, naturally forces the input current to be discontinuous and ac modulated thus achieving a high power factor. A complete analysis of the converter to study steady state behaviour and to develop design equations is presented. Performance characteristics of the converter such as boundary of continuous and discontinuous of input current, the dc capacitor voltage and input current harmonic spectrum are given. Further, it is shown in the paper that by operating the converter's output in discontinuous conduction mode gives the advantage in minimizing the dc capacitor voltage. This also results in lower voltage stresses across the MOSFET and diodes.
Finally a 160 W , 90V-265Vac to 54Vdc converter for the proposed topology is built which shows an overall efficiency of SO%, an input power factor of 0.97 and a low frequency output voltage ripple component of 100 mV peak-to-peak Section I1 describes the operation of the circuit and presents the analysis. The performance characteristics are given in section 111. Design guidelines are given in section IV. Finally the prototype results are presented in section V.
imposed, such as defied in IEC 555-2 standard. A number of single stage and two stages power factor correction circuits have been developed and reported in literature [2-91. The two-stage
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A. CircuitDescription conversion results in reduced efficiency, low power density and high cost. On the other hand, the single-stage circuits present one or more of the following disadvantages:
The converter circuit is shown in Fig. 1 , which consists of the following Input Filter. The input filter is compromised of high frequency capacitors C, , , C , , and an inductor Lsl. This filter is used to filter out the high fi-equency harmonic contents of the input current.
Diode RectiJier. The diode rectifier consists of D7 to Dlo is used to convert the input ac voltage to a uncontrolled dc voltage DC Capacitor C,. The dc capacitor C, serves two fimctions: (a) it filters out the low frequency voltage harmonic of the rectified voltage and (b) it provides the hold-up time for the converter. Forward Converter. The forward converter is comprised of a This paper presents a single stage 2 switch isolated converter topology to achieve a regulated dc output voltage having no low frequency components and a high input factor. The topology, as shown in 
9-3
By operating the converter's output in discontinuous conduction mode , the magnitude of the capacitor voltage does not vary with the load. Unlike [l] , which is operating in continuous conduction mode, the capacitor voltage rises under light-load conditions and drops with the increasing load.
B. Operating Intervah
In this section, the various intervals of the converter's operation are explained and shown in Fig. 4 . Analysis of the converter for each interval is given. The analysis is based on the following assumptions.
(3 The output inductor, Lo, is small enough so that the current in the inductor Lo , is discontinuous below full load.
(ii) The voltage of the bulk capacitor, C,, is considered to be constant for a given input voltage and output load. i) The time that the switches are on will be called r,. The time that the switches are off and the inductor current is flowing into C1 is called r2. The time that the switches are off and no current is flowing into C, is called r3.
The magnetizing inductance (L,) is considered to be infinity. Intentoll At the beginning of this interval, switches SI and S, are turned on. Power is delivered fiom the capacitor C, to the main dc output. Power is also delivered from the ac mains, to the auxiliary circuit. Fig. 4(a) shows an equivalent circuit during this mode of operation. By applying KVL, we get the following equation;
Substituting N,, = N p in equation (1) we have, vL1 = jvm sinwrl (2) This indicates that the voltage impressed across the inductor is the rectified input sine wave. The inductor current is given by -from the capacitor is sent to the-load w6en the switches are on.
This indicates that the inductor current is modulated by the rectified sinusoidal input voltage. By taking KCL at node A, we have. 
Various transformer equations are given by Equation ( where Io' is the reflected output current at the primary. Form @)-(lo), the primary current is given by
Form (4) and (1 1 ) . . NP . This is the current being drawn fiom the capacitor when the switches are turned on.
If Nan = Np then, 
Interval 2
Interval 1 ends and interval 2 begins when switches SI and S2 are turned off. The current that was flowing in the inductor L,
at the end of interval 1 will force diode D3 to conduct. This current will now be circulated through the capacitor C1 and input source Vjn until it becomes zero. The equivalent circuit during this interval is shown in Fig. 4@ ). Applying KCL at node A, we have:
iL, = i , This indicates that the inductor current is flowing into the Applying KVL in Fig. 4(b) 
Ll
The inductor current at the end of tl is the same value at the beginning of t2.
This shows that t2 varies with the capacitor voltage and the rectified input voltage.
Interval 3
At the end of interval 2, all the stored energy in L , has been used to charge the capacitor C1 which flowed through the input source. The current I, which is the current in the output inductor Lo , free-wheels through diode D6 until it goes to zero.
The equivalent circuit in this mode is shown in Fig. 4(c) .
PERFORMANCE CHARACTERISTICS
This section presents the characteristics curves of the proposed converter. These curves are used in selecting and rating the various components. The performance of the converter is studied with respect to output load variation. The turns ratio of the transformer between primary, secondary and auxiliary are 1 : 1 : 1.
A. dc Capacitor Vokage (VJ
The dc capacitor voltage establishes the performance of the converter as it determines the voltage stress across almost all the components. The capacitor voltage is a function of input voltage , the value of the inductors L , and Lo , and the operating frequency. Fig. 5 shows the capacitor voltage Vc as a function of output load current for a constant frequency. The curves are for a converter operating at an efficiency of 80%. From the above observation it can be concluded that by operating the converter's auxiliary circuit and output in discontinuous current mode, the capacitor voltage is constant from no load to full load. Unlike [l] , where the operating frequency of the converter must change as a function of load to maintain a constant capacitor voltage V,.
B. Boundary of Continuous and Discontinuous Current
This converter's auxiliary circuit is designed to operate in the discontinuous current mode. As long as the current in L1 is always discontinuous, the input current will be sinusoidal with a power factor close to one. Fig.6 shows the boundary of continuous and discontinuous mode for L1 at Vin= 90V, Io = 3 A, fsw = 50 kHZ. Continuous current mode of operation occurs when the duration t2 of interval 2 is larger than T-tl (T and the tl are the switching period and on period, respectively). This conduction mode occurs at the peak of the input sine wave and at higher output currents. 
Mode For the Auxiliary Circuit

IV. DESIGN GUIDEL~VES
As stated earlier, the voltage of the dc capacitor, C,, is considered to be constant for a given input voltage and output load. This means that the total sum of the charge leaving and entering the capacitor in each half cycle is equal to zero. An iterative process must be used to determine the capacitor voltage.
The capacitor voltage is a h c t i o n of line, inductor, frequency, and duty cycle. The capacitor value determines the hold-up time of the supply and the 120Hz voltage ripple across C1. It is found that Nam = Np gives the best results in terms of input power factor. If the turns ratio is less or greater than unity then there is a dead-band in each half cycle of the sinusoidal input line current. This causes a higher distortion in the input current, thus reducing the power factor. A compromise must be made in choosing the turns ratio Np & N, .of the transformer as it affects the voltage ratings of both the secondary output diodes D5 and D6 and the primary switches S, and S,. The voltage ratings of these devices determine the power losses in the switch and the diodes. Therefore, the selection of Np & N, should be made in such a way that the total losses are minimized. For example, if the secondary is a high voltage and low current output, the losses will be greater in the switches because of the higher conduction losses in them. (Manufacture data sheets show that the higher the MOSFET voltage, higher the on resistance Rdon.). This is due to the ~ increased primary current seen by the switches for a lower turns ratio between Np & N, . The objective is to minimize the voltage across C,. This can be achieved by having a lower turns ratio between primary and secondary. However, this results in a higher voltage across the output diodes.
The value of the output inductor is chosen at minimum input voltage and maximum output load. The current in Lo is at the boundary of continuous conduction mode. This results in large ripple currents in the inductor, low loss magnetic material for Lo must be used. Also, low ESR capacitors at the output must be used.
The value of inductor L, is chosen at a low line input with a full load at the output. The current in L1 is at the boundary of continuous conduction, this happens at the rectified peaks of the input voltage.
The drah current in the switches at turn-on will ramp up &om zero to a level determined by the load current and line voltage. The converter will have zero current switching at turnon. There will be large losses at turn-off. Therefore, the speed at which the switches turn-off must be fast. 
. EXPERTMENTAL RESULTS
A 160 W, 90-265Vac to 54Vdc prototype converter is built in the laboratory to validate the theoretical results. The operating frequency of the converter is 5OkI-E. TABLE I shows values of various components used in the prototype.. Fig.9 shows the input current harmonic spectrum, input current waveform and output voltage ripple for Vin = 120 V, Vout = 53.2 V, Io = 3.04 A with a measured power factor of 0.976. Fig.10 shows the input current harmonic spectrum, input current waveform and output voltage ripple for Vin = 220 V, Vout = 53.3 V, Io = 3.13 with a with a measured power factor of 0.970. 
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VI. CONCLUSIONS
In this paper a single stage, 2 switch isolated ac/dc converter topology which has high input power factor , hold-up time capability and no low fkequency component in the output voltage has been presented. The steady-state behaviour has been studied, analyzed and performance characteristics presented. It has been shown that by operating the converter's output in discontinuous conduction mode , the voltage stress across the components is minimized while operating the converter at constant fkequency.
Finally the performance of the converter has been experimentally verified. Based on the results it is concluded that the proposed converter is best suited for low to medium power applications with high output voltage requirements.
